Web Processing Services (WPS) offer geoprocessing functionalities online. The description of an offered process to date consists of a textual description of the operation, and a specification of input and output parameters. This description is limited in detail and makes search, discovery, and composition of services difficult. Two approaches have been proposed to extend these service descriptions: ontology-based descriptions and WPS profiles, with differing complexity and intended use. This contribution confronts the two approaches, and suggests structured metadata as a linkage between service profiles and ontologies as future work.
Introduction
The suite of web service interface specifications of the Open Geospatial Consortium (OGC) is meant to facilitate resource integration and interoperability. Data providing services such as web maps, feature, and coverage services are well established, whereas only a small fraction of web services provide geoprocessing functionalities (LOPEZ-PELLICER et al. 2012) . Nevertheless, a series of examples demonstrates the use of web processing services (WPS), the OGC standard for providing online geoprocessing. WPS have been used in theme-specific platforms like a platform for analysing the spread of diseases (DOMINKO-VICS et al. 2011) , to provide specific processing functionalities like coordinate transformations (SUN & YUE 2010) , to expose geoprocessing procedures (termed models) as services (CANNAT et al. 2012) , etc. The objectives of using online geoprocessing technology on a general level are to increase interoperability and to support collaboration (HOFER 2014).
The generic nature of process descriptions is one limiting factor for the wide application of WPS (JONES et al. 2012) . The WPS interface specification defines how to interact with a service on a syntactic level. Available requests are GetCapabilities, DescribeProcess and Execute, whereby the responses of GetCapabilities and DescribeProcess contain information on parameter values required for the Execute request. In addition to the syntactic specifications, information on a semantic level is required for a successful interoperation of these services. BRAUNER et al. (2009) identified semantic descriptions as an element of a resaerch agenda for online geoprocessing; the other areas listed in the agenda are orchestration, which requires semantic descriptions as well, and improvement of performance (BRAUNER et al. 2009 ).
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Semantic annotations and deep service descriptions of web services have been subject of various works (LEMMENS et al. 2006 , LUTZ 2007 , FITZNER et al. 2011 . These approaches are all using ontologies or thesauri for linking a term used in the service description and its documented meaning. An alternative approach to describing the meaning of an operation and its inputs and outputs in more detail are WPS profiles (MÜLLER 2013). These profiles have been foreseen since the WPS 1.0 specification, but were not used much. In the WPS 2.0 interface standard, which has been recently published, WPS profiles are specified in more detail (MÜLLER & PROSS 2015) .
Although the anticipated uses of ontology-based and profile-based descriptions of WPS seem different (section 2), they are both encoding key elements for service descriptions. A comparison of the two approaches highlights these key elements (section 3) and constitutes early stage research results. The comparison is also the basis for a future investigation of a potential mediation between the two approaches, which would leverage the advantages of both approaches. The mediation could take form of structured metadata for describing processing services in a semi-formal way as proposed in (ANSELIN 2012 , MÜLLER 2013 .
Approaches to Adding Semantics to WPS
The difficulty that needs to be addressed with semantic descriptions of WPS is that a mere description of input and output is not sufficient. The description needs to specify the relationship between input and output as well (LUTZ 2007) . Syntactic signatures, which contain only input and output parameters of an operation, can be identical for different operations or different for similar functionality (LUTZ 2007) . As an example, the operations intersection and union, both have the same input and output (FITZNER et al. 2011) . A search operation that focuses on syntactic signatures only, cannot differentiate between operations with identical signatures.
One of the approaches mentioned above is the approach by (LUTZ 2007) . He works with the specification of semantically annotated syntactic signatures and the definition of pre-and postconditions for a high level of detail in service descriptions. For example, in case of an intersection operation, that would mean to additionally state that the two input vectors need to be in the same coordinate reference system. His approach encodes the relationship between input and output and allows a differentiation between operations on a higher level of detail in automated reasoning. The approach has the disadvantage that two separate formalizations need to be employed in ontologies and that the reasoning with pre-and postconditions is not always decidable.
An alternative to ontology-based approaches has been proposed for the WPS 2.0 specification: WPS profiles. A WPS profile provides a documentation of an operation similar to an entry in a help document in a piece of software. MÜLLER (2013) introduced a hierarchical framework of WPS profiles, which provides the basis for the WPS 2.0 specification (MÜLLER & PROSS 2015) . Three profiles are suggested: (1) a process concept profile, (2) a process generic profile, and (3) a process implementation profile. The concept profile contains a description of the general functioning of the operation and a unique identifier. The generic profile specifies an abstract interface for a process including abstract data types for input and output and parameter names. This profile is extended by an implementation profile that mentions specific data formats. These profiles will be available as HTML documents that are linked to service descriptions as entries to metadata fields.
Since the profiles are not fully machine-interpretable, they seem to serve a specification of the semantics of operations for human users. The WPS profile approach is less complex than an ontology-based approach, because it does not require the availability of ontologies and related reasoning capabilities.
Elements of Semantic Descriptions
The hypothesis of this research is that the structure suggested in process ontologies as described above, can serve as a structure for service metadata contained in WPS profiles. The required elements for describing processes in ontologies are covered in pre-and postconditions of the operations, together with shared variables. This information is contained in textual descriptions of spatial operations as well. A structure for separating these elements may facilitate the process of filling WPS profiles, and of deriving ontologies in the long run. Lists of abstract data types or controlled vocabularies of conditions may further support the completion of profiles. At the same time, a structured approach to filling WPS profiles may facilitate the translation of profiles into operation ontologies in the future.
The following example illustrates the description of a buffer operation in a WPS generic profile provided as text in (MÜLLER & PROSS 2015) with the proposed metadata structure, which is based on elements of process ontologies:
Precondition: geometric object with name and spatial reference system; distance parameter with name and data type.
Postcondition: geometric object with name and the same spatial reference system as the input geometric object, containing points around the geometric input object less than or equal to the specified distance.
SharedVariables: input geometric object, distance parameter, spatial reference system. This structured description of an operation follows the elements proposed in web service ontologies. It adheres to the pragmatics of WPS profiles, but may eventually allow a linkage to operation ontologies. These ontologies are considered important as semantic web technologies support automation of discovery and composition of services.
Certainly, the description in WPS profiles will remain less formal than an entry in an ontology. The creation of controlled vocabularies for filling the profiles as proposed in (MÜLLER 2013) may increase formality of the description. These first observations suggest a further evaluation of the level of detail of operation specification in ontology-based approaches, as well as the development of tools and controlled vocabularies to fill WPS profiles considering the identified elements of structured descriptions.
